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PREFACE

This interim report was produced as a result of the Phase
ITIID activities of Contract F41609-71-C-0008, entitled 'Research
on Operational Combat-Ready Proficiency Measurement." This contract
was performed by Manned Systems Sciences, Inc., Northridge, California,
for the Flying Training Division, Air Force Human Resources Laboratory
(AFSC), Williams AFB, Arizona. Major J. Fitzgerald, Chief, Combat-~Crew
Training Branch, was the contract monitor.

This report is one of a series of seven reports constituting
the Final Report of Contract F41609-71-C-0008. These reports are
listed below:

Combat-Ready Crew Performance Measurement System:

AFHRL-TR-74~-108(I): Final Report

AFHRL-TR-74-108(II): Phasc I. Measurement Requirements

AFHRL-TR-74-108(III): Phase II. Measurement System Requirements

AFHRL-TR-74~108(1V): VYnase IIIA. Crew Performance Measurement

© T AFHRL-TR=74-108(V)+ —Phase IIIB. Aerial Combat Maneuvers Measurement

AFHRL-TR~-74-108(VI): Phase 1IIC. Design Studies it

AFHRL-TR-74-108(VII): Phase IIID. Specifications and Implementation
Plan
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I. INTRODUCTION

Research for the improvement of combat-crew training, and
the efficient execution of current training programs, are heavily
dependent upon good sources of information about trainee perform-
ance during and at the end of training. In an effort to improve
training performancc information, this study is directed to
(1) systematic definition of performance, and (2) development of
me thods for measurement. .

This program is divided into four phases, however, the third
phase has been further divided into four parts as the result of
expansion of the scope of the program. The structure of the
program may be most easily comprehended if the following planned
sequence is borne in mind: (1) establishment of measurement
requirements, (2) establishment of measurement system require-
ments, (3) conduct of design studies, (4) development of specifi-
cations and an implementation plan, and (5) preparation of the
Final Report.

As shown in Figure 1, seven reports will be prepared under
this contract; the first three reports present measurement
requirements (Phase I: Pilot Measurement Requirements? Phase
IIIA: Combat-Crew Measurement Requirements; Phase IIIB: Air
Combat Measurement Requirements), i.e., the measurement to
provide information needed for combat-crew training research.
These requiremen.s have been determined through surveys conducted
at combat-crew training sites (Luke AFB, pDavis-Monthan AFB,
Tyndall AFB, Castle AFB, Altus AFB, Dyess AFB, George AFB, Norton
AFB, and Nellis AFB). The fourth report prepared treated
measurement system requirements (Phase II: Measurement System
Requirements), including research procedures, measurement
processing, system criteria, and preliminary system analyses.

The fifth (Phase IIIC: pesign Studies) report dealt with design
studies to determine desirable system features to meet the
research needs documented in the earlier reports of this sequence.

The current and sixth report presents specifications and an
implementation plan for the performance measurement system
recommended as a result of this program. The following chapters
relate to each of the major subsystems (I. Data Acquisition,

IT. Data Processing, III Personnel, and IV. Facilities) and to
the steps recommended for implementation (V. Implementation Plan).
The Appendix presents example equipment of the types included in
this specification.
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II. DATA ACQUISITION SUBSYSTEM

Data Acquisition Categories

Combat-crew training performance information may come from
a number of sources and through a variety of media. The data
acquisition subsystem must provide the capability for acquiring
all information needed for measurement and the interface with
manual and automatic means for compiling an integrated,
correlated, common raw data base.

Data sources are divided into five categories for the
current treatment: (1) aircraft or simulator data collection,
(2) field data collection, (3) briefing or debriefing data
collection, (4) documentary data collection, and (5) external
data sources. Each information source poses different conditions
for data acquisition, although a form of recording is used in

each case, requiring some means for data playback.

The Data Acquisition Subsystem, therefore, consists of the
major components of the block diagram shown in Figure 2. This
chapter will be devoted to specification of the data collection
devices for each source of information (as listed in Table 1),
and devices for data playback.

Aircraft/Simulator Data Collection Station (ASDCS)

It was found through design tradeoff studies, that training
performance measurement inflight or in simulator solely by means
of (1) video or photo recording or (2) digital recording, was
not entirel; satisfactory for either technique. If a decision
must be made to go one way or the other, assuming that video
legibility requirements can be met, then a video recording
system would be chosen for comprehensive measurement, simplicity
and flexibility for the pursuit of research gnals, and lower
overall costs. However, a hybrid system combining the advantages
of video/photo and digital recording is preferable to an unnixed
system. A hybrid system is assumed in the current specification,
but it is also required that the video/photo and digital record-
ing systems have a stand-alone capability; thus three data
acquisition systems are defined: (1) a video/photo recording
system, (2) a digital recording system, and (3) a hybrid record-
ing system.

The distribution of measurement parameters for recording by
video or digital techniques is portrayed in Figure 3. Audio
information must be collected by both video/photo and digital

recording to provide a stand-alone data collection capability
with either technique; consequently, these data acquisition
devices will be termed Audio/Video Recording (AVR) and Audio/

Digital Recording (ADR) in correspondence with previous usage.

Most pictorial information can be easily obtained only with

o
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TABLE 1

CATEGORIES OF INFORMATION SOURCES AND
CORRESPONDING DATA COLLECTION DEVICES

SOURCE OF DATA COLLECTION
INFORMATION DEVICES
1. Aircraft/Simulator Audio/Video Recorder + Aux.
Camera + Audio/Digital
Recorder
2. Field (e.g., Runway, Camera + Transceivers + Audio
GCA Radar, Range) Recorder
3. Briefing/Debriefing Audio Recorder + Slide Camera
4, Documents Manual Conversion from Documents
to Paper Tape Necessary (e.g.,
Dash-One, Phase Manuals)
5. External Data (e.g., Data Received in Computer-

Ground Tracking Radar,
Related~Experiment
Results)

Compatible Form (Cards,
Magnetic Tape, Paper Tape)




AUDIO/VIDEG
RECORDING

AUDIO/DIGITAL ’
RECORDING ///
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Figure 3. Distribution of Data Acquisition Between
Audio/Digital Recording and Audio/Video Recording.
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video/photo techniques, therefore, other avionics display '
information, such as radar, navigation and weapon control, will
be excluded from the ADR to reduce the complexity and associated
costs of attempting to record large numbers of parameters through
digital methods. Aircraft and control parameters (e.g., alrspeed, :
altitude) will be collected on the ADR, and as many as possible |
within the field-of-view of the AVR, 1In a similar manner,
discrete signals (e.g., wheels up, speed brakes out) will be
recorded on the ADR, and means will be developed to allow
recording a small number of critical discrete parameters (e.g.,
Ay weapons release) on the AVR to permit an AVR stand-alone
capability and to enhance manual measurement processing.

o ——
- ez

A block diagram of the Aircraft/Simulator - Data Collection
Station is shown in Figure 4. An Auxiliary Camera (AC) is |
necessary to provide information where neither the& AVR nor ADR is .
applicable; such a camera is specifically needed to document
position over recognizable terrain and the drop zone (Combat
Airlift Training), but is likely to have general usefulness for
providing data recording for items outside the view of the
video cameras. Recording controls and displays (RCD) are needed
to provide manual and simple programming of recording events,
for display of information for equipment set-up and for the use
of an onboard experimenter. Interface with the interphone system
for audio recording completes the aircraft/simulator data
collection station.

e ey i

It is recommended that the same data acqusition system be
used in both aircraft and simulator environments, although in ;
some simulator applications re-programming of the simulation
computer may provide the equivalent of the specified digital

recording.

Audio/Video Recording (AVR). Figure 5 presents a block |
diagram of the audio/video recording capability desired. TwoO
video cameras will be provided, with the option for connecting a
special-purpose camera instead of either of the two standard
cameras. It is desired to record complete images from both
video cameras, however, in lieu of this, image control is
necessary to allow combining the outputs of the two cameras into
a single composite picture. Audio recording of crew communica-
tions is required, but the upper frequencies of the available
bandwidth is needed for recording discrete parameters as audio- |
encoded signals. The audio/video recorder must permit remote [
control in synchronization with other recording devices. .

The video and photo information to be recorded in each
training application is listed in Table 2 for the F-4 and C-141
aircraft; other aircraft are expected to require similar g
application of video and photo recording. In addition to the ¢
use of video/photo recording shown in Table 2 for combat-crew
training performance measurement, the use of a helmet-mounted
camera, instead of one of the standard video cameras, 1is
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Figure 4. Aircraft/Simulator Data Collection
Station.
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PABLE 2 @ ..

VIDEO/PHOTO DATA FIELDS BY WS
TRAINING PHASE et

. VIDEO/PHOTO

» F-4 Cc-141 1
PHASE 1A 1B AUX 1A 1B AUX
Transition PP W ? PP W ?
Instruments PP W 4 PP CcC ?
Formation PP W PP W 1
Intercept BE sC = =

Air Refueling PP W

Air Drop - - PP 'W T
Ground Attack PP GC - - -
A | Dart Firing . PP GC - = -
. Air Combat PP GC = = =

LEGEND: PP: Pilot's Panel

W: Windscreen

SC: Scope Camera

GC: Gun Camera

CC: Center Console’ '
T: Terrain Directly Below

?: Possible Use

10




nformation on targets the crew should
and behavioral measurement of the

contemplated to acquire -

keep under surveillance,

crewmember's eye fixation patterns.*
., 4 -

Specifications for an andio/video

- recorder and playback system are listed in Table 3 as they apply
to ‘the entire system as evident upon playback for data processing
(rather than the sharacteristics of individual system components) .
It is vital that the system permit high-quality video reproduction
of external airborne and ground targets as well as copckpit dis-

plays; 1if these images do not permit the extraction of needed

information, then use of Such-a system for performance measure-

ment is questionable. The audié vammunications must also be
unquestionably intelligible. Excellent  recording guality must

be available in spite of the severe environneats encountered
during combat-crew training. Further, the system must be easy to
use and maintain. The design and installation of the system mus t.
consider the limitations imposed by cockpit operations and £
crew, and must not impose any dangers to personnel safety. =t

1. Audio/video recorder.

of f-the-shelf video recording systems have been previously
ts. The results of

tested in combat-crew training environmen
specific tests of interest are available in the following
documents. X

Headquarters, USAF Tactical
TAC Test 69-4F, Audio~-Video
Nellis AFB, Nevada, 23 Sep

Department of the Air Force,
Fighter Weapons Center.
Recording System (AVRS).
1970.

Department of the Air Force, Headquarters, USAF Tactical
Fighter Weapons Center. A-7D Airborne Video Recordin
System (AVRS) . TAC-TR-70A-113F, Nellis AFB, Nevada,

February 1971.

Fiﬁderald, J.A., and Moulton, D.L. Evaluation of Airborne

Audio-Video Recording as a Tool for Training in the A-TD
Tactical Fighter. AFHRL(FT ~TRM-17, Air Force Systems

Command, Brooks Air Force Base, Texas, October 1971.

ctory incidents are reported in these

loss of information due to glare, electro-
vibration, maneuvering g's, and a number
of operating problems. The design and installation of the audio/
video recording system must eliminate these problems sO that data
collection is not impaired during system test and operation.

A number of unsatisfa
documents, including
magneti¢ interference,

*pevices are also available for this purpose which allow direct
digital recording of eye movements.




TABLE 3

AUDIO-VIDEQO RECORDING AND PLAYBACK SPECIFICATIONS*

STANDARD AEERICAN TV ! »

VIDEO QUALITY: Horiz. and vert. resolution, 500
Iines desired, 400 lines minimum. :
700-800% contrast, 8-10 shades of gray.
Greater than 40 DB signal-to-noise ratio.

LENSES: (1) Zoom type, (2) Fixed-outside
viewiny, (3) Fixed-outside viewing, very wide angle,
(4) Fixed-cockpit viewing. 3

ILLUMINATION: 25-10,000 Foot-~Candles; automatic
sensit1v1ty control over this range, less than approx. 1l-

second response time, rapid recovery from direct exposure
to sun.

AUDIO' Frequency response 100~10,000
(min.) H8; input from aircraft interphone syste, earphone
,& §peakgr output.

INTERFERENCE: - . (Avdio & Video) Low noise back-
ground for audlo EBEEunicg;ion recording (filters for
aircraft-induced ncise requireé$. negligible interference
with either video or audio . 31gnals due to aircraft radio
transmission, avionics, or weapons f1r1ng.‘\‘~”

CONTROLS, LIGHTS, DISPLAYS: Operation with- -either hand T i S
alrcraft cockpit with full flight suit; lights adjustable
for day and night operation; no restriction to crew. _
visibility, mobility, or safety; amount of tape remaining,
indicator desired.

SIZE, WEIGHT, POWER, COOLING: Suitable for fighter aircraft
Installation; without significant cockpit modification,
restriction of visibility, mobility, or safety; installa-
tion clear of crew ejection envelopes.

ENVIRONMENT: Dictated by normal combat-crew
training (e.g., altitude to 50, 000 ft. MSL, weapon firing,
turbulence, maneuvering % 8G)

MAINTAINABILITY: Convenient access for maintenance
and tape handling; provision for ground operation without
aircraft power; set-up and test equipment to be included

in system, including operations and maintenance documenta-
tion. -

RECORDING TIME: 30-minutes minimum.

REMOTE CONTROL: - on/off, start/stop controlled
remotely in unison with other recording devices.

*The dlfficulties encountered in previous tests must be removed;
specifically those in (1) TAC Test 69- 4F, (2) TAC-TR-70A-113F,
and (3) AFHRL(FT)- TRM—l?

12




2. Image contreol. Simultaneous synchronized recording of

two complete pictures from two video cameras is desired. If
two-channel video recording is not possible, then extensive image
controls are necessary to attempt to approximate the desired
information and resolution by allowing the available image area
to present the most important information from each camera.
Methods desired for image control are listed in Table 4; the
design should include as many of these features as possible, as
well as others which may become apparent to enhance data
collection ability.

3. Discrete encoder. Recording of discrete events is
necessary to measure quantities which infrequently change, and
quantities which are important to measurement control (i.e.,
start-stop logic). Unfortunately, many of these (e.g., weight
off the wheels, flap settings) are either invisible or out of
the field-of-view of video/photo cameras. Incorporation of
these quantities can greatly increase the value of video record-
ing; consequently, a method for discrete recording should be
developed if practical. A method is suggested here for encoding
discrete information as audio tones within the available audio
recording bandwidth, however, other approaches may be available
for consideration. As depicted in Figure 6, communication
recording should occupy the frequency spectrum 300~300G Hertz,
leaving the higher frequencies available for recording a tone for
each binary parameter. The number of parameters which may be
recorded in this manner depends on the audio bandwidth actually
available, the bandpass of audio filters during playback, and the
stability of tone oscillators for recording. A minimum of 10
discrete recording channels should be provided, but 24 or more
channels could be useful. '
I3

.
!

'A selectable time bit (at 1, 2 or 4 second intervals),
derived from the time code generator, must be recorded as one of
the discrete channels to aid processing during playback.

4. Set-up and test equipment. The audio/video recording

wEY§tem\will also include equipment for check-out and test of the

video system (other than standard test equipment), and for set-up
of the specific images required for recording.

~~. Audio/digital recorder (ADR). The parameters allocated to
audio/digital recording are listed in Table 5 for key training
phases. These parameters can be divided inio the following
categories: (1) aircraft parameters, (2) control parameters,

(3) binary discrete parameters, (4) time, and (5) communications.
A minimum of 24 discrete recording channels are needed in
addition to those required for digital time code recording. Of
course, an audio recording channel is necessary.. Otherwise there
are 16 channels which require analog-to-digital conversion; these
normally must be sampled twice a second, but a portion of these
channels must be sampled more often to allow spectral analyses
and precise training as shown in Table 6.

1
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TABLE 4

IMAGE CONTROL METHODS

Horizontal Split X% Camera A, Y% Camera B.
Vertical Split X% Camera A, Y% Camera B.
Inset Camera A picture within Camera B picture.

Alternate Camera A, Camera B at .1, .5, 1, 2, 3,
5, 10 second and 1, 2, 5 minute intervals
(or continuous adjustment of interval).

% A

Sequence: (1) split screen, (2) full image of
Camera A on Event A, (3) return to split
screen on Event B, (Evenit A & B are aircraft
discrete parameters designated for digital
recording.)

Pan camera back and forth within the cockpit at
selectable rate.

14
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COMMUNICATION
RECORDING

DISCRETE PARAMETER RECORDING*

"~ AVATLABLE AUDIO

BANDWIDTH

*Minimum of 10 channels,
24 or more desired.

Figure 6. Discrete Audio Recording.
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TABLE 5
AUDIO/DIGITAL RECORDER PARAMETERS

X
O
2] <
EEzul Buga
H 2 O D 2 >
RERHES S HE §
n M g [+ 4 E o % &) é
B | £ =)
1 E 0 - MO é M O
Z O 2Z HH M H QO
! BHoHLH 4SO O
AIRCRAFT PARAMETERS .
1. Pitch (Pitch Rate) XX X XXXX %l degree
“ 2. Roll X X X X X X X %1 degree
3. Heading X XXX X XXX %1 degree
4. Airspeed X X X XXX X %1 knot : |
5. MACH X X X +.02 MACH
6. Altitude X X X X%k x XX 310°Test g
7. Vert. Vel. XX XXXXXX %50 fpm 3
8. Angle of Attack R.X, X X O Rlrahit ]
9. Acceleration (G) X X X X *.5G
10. Power (RPM, EPR, TIT, *
Fuel Flow) X X X X X XX X %1% Full Scale
11. Fuel Quantity i X X X +5% Full Scale
CONTROL PARAMETERS
1. Stick (Pitch) X X X $5% Full Scale
2. Stick (Roll) 3 e X X 5% Full Scale
3. Rudder X +5% Full Scale
4, Flap Position X X X +5% Full Scale
5. Stab Trim Position X X X +5% Full Scale
BINARY DISCRETE PARAMETERS
1. Thrust Reverse X ==
2. Speed Brakes X X X X
3 3,4. Main, Nose Gear Contact X == i
5. Nose Steer Engaged X ==
6. Gear Select X =¥ ‘
7. Drag Chute X = |
8. Wheel Brakes X = L
9,10. Red, Green Light X -
11. Weapon Release (Pickle) X Y4 W
12,16. Crewmember Voice Switch X X X X X X X X X ~-- ki
17,19. Marker Beacon X e
20,24. Event Marker S B = e i D i
TIME '
1. GMT (Range Time) X XXX XXXXX Hrs, Min, Sec,
J 1/100 Sec.
COMMUNICATIONS X XXXXXXXX

ie




TABLE 6

DIGITAL RECORDING CHANNELS AND SAMPLING RATE®*

No. of Channels (Minimum) Sampling Rate (Times each channel is
sampled each second)

16 2
10 : 10
5 20

*In addition to Discrete Parameters and Time.

Digital recording accuracy is also indicated in Table 5
specifying the deviation allowed between the recorded information

indicated to the Eilot bz.cockgit displays. It is important that
Yecorded information compare close y to cockpit displayed
information since data collection anomalies will be attributed to
pilot performance; for example, if the pilot is expected to
maintain an airspeed of 135¢5 knots, and there is a 5 knot
discrepancy in the recorded informaticn, the pilot may be scored
as exceeding permissible tolerances when actually performing
excellently. Consequently, the accuracies listed in Table 5 are
designated to allow an error of no more than approximately 5%-10%

- the tolerance band permitted the pilot (e.g., if the pilot is

permitted a tolerance band of $10 knots, then t1 knot error is
permitted) .

A gross block diagram of the Audio/Digital Recorder is
presented in Figure 7; the principal parts are' (1) the recorder
electronics, (2) the recorder, and (3) the test, stand. As there
are alternative designs which may achieve the desired result,
further definition will not be attempted here, however, the
specifications given in Table 7 are intended for design guidance.

The test stand must include all eguipment, other than
standard test equipment (e.g., voltmeters and oscilloscopes), tQ
permit digital recorder checkout and calibration of all channels
prior to each data collection flight; the same eqguipment should
facilitate diagnosis and repair. Maintenance ease with minimal
personnel, and high reliability so that data collection takes
place as needed '(probably on an intense schedule), is extremely
important to the intended applications.

Auxiliary Camera (AC). An auxiliary camera is needed as a
supplement to audio/video/digital recording to record either
displays in the cockpit or external views (such as the terrain

pbelow during airdrop): consequently, a variety of lenses and
mounts are expected to be necessary. External nontrols will

17
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TABLE 7

AUDIO/DIGITAL RECORDER SPECIFICATIONS

PARAMETERS/ACCURACY : As indicated in Table 5 (minimum,
growth capacity desired.

INTERFERENCE: Controlled to achieve desired accuracy.

PARAMETER SAMPLING RATES: Twice per seconé (16 + discretes +
time), 10 times per second (10 + discretes + time), 20
times per second (5 + discretes + time).

RECORDING CHANNEL: Fregquency response 100 - 10,000 (Min)
H% input from aircraft interphone system; earphone &
speaker output; negligible background noise, low
distortion.

TIME CODE RECORDING: (Hrs, Min, Sec, 1/100 Sec.)

OUTPUT: Through conversion equipment interface
to general purpose digital computer.
Audio output and digital display of digital time and
discrete parameters during playback.

REMOTE CONTROL: on/0ff, Start-Stop, together with
other recording devices.

RECORDING TIME: 30-minutes minimum.

CONTROLS/LIGHTS/DISPLAYS: Operation with either hand in air-
craft with ful ight suit; 1lights adjustable for day and
night operation; no restriction to crew visibility,
~mobility, or safety.

SIZE/WEIGHT/POWER/COOLING: suitable for fighter aircraft instal-
ation without significant cockpit modification, restriction
of mobility, visibility or safety (installation clear of
ejection envelope) .

ENVIRONMENT: Environment dictated by normal combat-
crew training (e.g., altitude to 50,000 ft. MSL, weapon
firing, maneuvering +8G) .

MAINTAINABILITY: Convenient access for maintenance,
calibration and tape handling; provision for ground
operation without aircraft power; test stand to be
provided (other than standard test equipment) ; minimum
maintenance personnel requirements.




expose the film in either a motion picture sequence, Or as
individual frames (from 0.1~ to l10-second intervals).

Interphone Interface (II). The interphone interface (see
Figure 8) 1s to permit selection of the communications from any
crewmember, and to generate a discrete signal identifying which
crewmember is speaking. Since the available interphone system
may be switched so that all crewmembers of interest are not
recorded, an audio mixer is specified to combine the outputs
desired for both AVR and ADR audio recording. Voice-operated
switches installed at each microphone are suggested to generate
a discrete signal whenever each crewmember speaks.

Recording Controls/Displays (RCD). Recording controls and i
displays provide manual and programmed control of recorder
functions, and information for the human operators using the
system during set-up and data collection. A block diagram of the
RCD is presented in Figure 9a. '

A time-code generator and event-mark controls are included ;

in the RCD to be recorded on discrete recording channels.. These

3 discrete signals are also used to turn the recording system on
and off, or initiate timers which will switch the system on or
off after a specified interval. As indicated in Figure 9b, the
following sequence is desired: (1) recording is initiated by ]
either event A (one of the discrete signals recorded) or manually,
(2) recording is stopped manually, at event B, or after a
specified time, (3) recording is initiated manually, at event C,
or after a specified time, and (4) recording is stopped again i
manually, at event D, or after a specified time. For current
purposes an event for recording control may be a manual input
(an event mark), an aircraft discrete parameter, or a specified
time bit from the time-code generator.

It is recommended that the RCD be divided into two units
with controls and displays as shown in Table 8. Unit 1 provides
information and control useful to a member of the flight crew
during training; while it should be small and non-obtrusive,
operation must be possible in a cockpit environment with full »
flight dress. Unit 2 permits set-up of recording programming
prior to a planned mission; it may be normally utilized by a
ground technician. However, some aircraft and circumstances may
dictate the presence of an airborne experimenter; in this case,
both units must be cc -located at his station.

Personnel tasks during recording. Gross personnel tasks
for recording of aircraft/simulator data are listed in Table 9. k-
Further task definition will be possible when detailed equipment
designs are selected.

Field Data Collection Station (FDCS)

The Field Data Collection Station (FDCS) will provide data
collection at remote places such as at the runway, the bombing
range, or ground surveillance radar. For these purposes,

20
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Figure 8. Interphone Interface.




AVR TIME
DiscreteaH SinC' t@—  CODE
Encoder ; GENERATOR

i

MANUAL AND
RECORD
PROGRAMMING
CONTROLS

DISPLAYS

4 Selected Discrete
Aircraft Parameters

il i «<}—{ EVENT-MARK —»ADR Discrete

Discrete
Encoder CONTROLS Inputs

a. BLOCK DIAGRAM

RECORDER
l_—_————-#

RECORDER )d ‘\‘ +
A C

B

Time Event A Event B Event C

ta, &2
Programmable

Events (A,B,C)

Can be: (1) Manual Input
(2) Acrft Discretes
(3) Specified Time

b. PROGRAMMED RECORDING SEQUENCES

Figure 9. Recording Controls and Displays..
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TABLE 8

RECORDING CONTROLS/DISPLAYS

UNIT

UNIT

i (For Flight Crewmember or Airborne Experimenter)

On-Off, Start~Stop Controls for Aux. Camera, AVR and ADR
Event Marker Controls

Digital Time Display

Time Setting Controls

Tape Remaining Display for AVR and ADR

2 (For Ground Technician or Airborne Experimenter)

Record Programming:

On-Event/Manual Start/Interval A
Interval B/Off-Event

Interval C/On-Event

Interval D/Off-Event 2

Vicdeo Framing:

Horiz, Split - % Camera A/B

Vertical Split - % Camera A/B

Inset - % Camera A/B

Time Split - 0.1, .5, 1, 2, 3, 5, 10 seconds
Event A Full Camera A, Return to Split on Event B

LN

Aux. Camera:

Exposure Rate: Motion, .1, .3, 1, 2, 3, 5, 10 seconds

23
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TABLE 9

PERSONNEL TASKS FOR RECORDING

S e e A RO e, <

SYSTEM CHECKOUT
Test, Replace/Repair, Preventative Maintenance, Adjust
LOAD TAPES
PERFORM CALIBRATION AND PRE-FLIGHT RECORDING
SET-UP FOR DATA COLLECTION

Record Programming: On/Off Events in Time Intervals
Video Framing: Split, Inset, Time, Sequence
Aux. Camera Exposure

INFLIGHT/SIMULATOR

System On ‘

Manual Start/Stop as Required
Manual Event Mark as Appropriate
System Off '

PERFORM POST-FLIGHT RECORDING

UNLOAD TAPES
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portable equipment with self-contained power sources is needed.

A simple data collection station is desired; Figure 10 depicts
the major equipment items, a camera with timing control, an audio
tape recorder, and transceivers.

Camera. Camera specifications for %the FDCS are much the
same as for the Auxiliary Camera for aircraft/simulator data
collection. Ther=fore it would be desirable for these camera
systems to be compatible. An accurate clock is needed in the
corner of each frame of the FDCS camera to allow correlation with
data collected elsewhere. The exposure-timing mechanism require-
ments are the same as for the auxiliary camera (motion, v (510l
2, 3, 5, 10 seconds).

Audio tape recorder. A small hand-carried cassette-type
tape recorder is required for recording of ground station
communications and other verbal information.

Transceivers. Transceivers will be used for data collection
team communications between the FDCS crew and the remainder of
the data collection team at the data playback and processing
facility, and to monitor flight crew transmissions during training
missions. The frequency and power of these units is, of course,
governed by Air Force regulations, but maximum communication
capability within these constraints is desired (these units may
be provided from the Air Force Inventory).

Briefing/Debriefing Data Collection Station.

Much of the information presented during mission briefings
relates to expected performance and appropriate performance
measurement; information produced during debriefing can modify
the briefed data, and can provide a source of subjective measure-
ment for correlation with measured performance indicators. Many
of these briefings are so rich in information that a small hand-
carried cassette-type recorder may be necessary for recording for
later transcription. A small camera may also be useful, I3
detailed briefing displays are used and copies of briefing slides
are unobtainable. : i

Documentary Data Collection Station (DDCS)

Desired performance and measurement control parameters will
also be obtained from documents such as the Dash-One Technical
order, Phase Manuals, and operational publications. No special
equipment is believed necessary for this form of data collection,
although digital encoding equipment for computer processing
(e.g., teletype) is necessary but will be discussed in regard to
the Data Playback Station.




AUDIO TZPE
RECORDER
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TIMING
CONROLS

Figure 10. Field Data Collection Station.




External Data Collection Station (EDCS)

Data will also be produced on cuccasion by an external
source which must be correlated with data collected during combat-
crew training. For example, exterral data may be produced by
another experimental investigation performed elsewhere, or the
output of a ground multiple-target tracking radar on an instru-
mented test range, These data must be provided to the current
facility in a form permitting processing with the available
general purpose digital computer. Under this assumption, no
special data acquisition need be provided for externally
produced data.

Data Playback Station (DPS)

The Data Playback Station (DPS), as shown in Figure 11, must
permit the transformation of data collected through the five
avenues shown in Figure 2 into a digital format appropriate to the
general purpose ccmputer. The digital magnetic tape requires
only routine human operator activities to load the data into
computer storage, although the audio recording portion is
necessarily a manual processing task. Aall other types of
information require manual processing, and eventually, typing of
formatted data onto a punched paper tape.

Video data 'processing. Video information will be reproduced
through two video monitors if dual-channel recording is possible,
otherwise, one will be used if split-screen merging of pictures
is performed. Communications and the special discrete audio
channels are creproduced simultaneously with the video information,
thus the operator can ascertain who is talking, and the status of
gear, speed brakes, etc. (if these are chosen for recording)
while analyzing the video content.

ity £ 0
The discrete information is also useful to aid searching for
key events to initiate measurement activity sequences. Automatic
measurement processing keys on clearly identifiable events
whenever possible (i.e., discrete events). Unfortunately, these
events often do not appear in the video picture. The human
operator would then have to laboriously search the video tapes to
infer from the cockpit instruments that an event has occurred
which is important to measurement. The special discrete channels
then provides the human operator with the advantage of the same
information provided an automatic processor. Since it is
normally desired that the situation at or near each event be
analyzed, playback control features are required to stop the
video tape at events occurring on specified discrete channels.
{For example, set playback controls so that the tape will stop
when weight is off the wheels, allowing conditions at lift-~off
to be recorded for computer entry.)

To further aid the human operator in sampling performance at

constant time intervals, or just to advance the tape a known
amount, it is required that the tape be advanced on command for a
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Figure 1l. Data Playback Station. !'
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"a digital magnetic tape which can be converted into a magnetic
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specified number of seconds. -It wasuééflierugpecified that a
time bit (1, 2, or 4 seconds) be recorded on one discrete
channel so that these bits can be counted on playback for-time

control (i.e., the control requested is to advance N events on "~ "
the time-bit discrete channel). S

A TELETYPE!, or similar device, will be used to punch paper
tape to enter video data into computer storage.

Digital data entry. Digital data are expected to come from
either external sources or the audio/digital recorder system. |

: External digital data should be acceptable in magnetic tape,
punched card, or paper-tape form; any of these are directly
read by the general purpose computer, although a magnetic tape
copy may be made for high-speed re-reading.

Audio/digital recording can result in two acceptable forms:

tape readable on standard computer magnetic tape units, and a
digital magnetic tape which is read through special conversion
equipment directly through an electrical interface into the
general purpose computer. The most cost-effective of these
alternatives should -be used. Neither method requires any
significant manual processing activities to enter data into the
computer data base.

Audio data processing. Audio data processing is necessarily
a manual task. The difference between audio data processing with
audio/video playback and the audio/digital playback is the method
of correlating the audio information with other performance
parameters. With audio/video playback, the magnetic tape must be
stopped at specific auditory events (e.g., commands), selected
performance parameter values noted, and, auditory code and
values punched on paper tape. With audio/digital playback, the
magnetic tape must be stopped at specific auditory events, the
time noted from a display of the digital time code, and, auditory
code and time punched on paper tape so that the auditory informa-
tion can be correlated with appropriate data samples read from
the digital magnetic tape.

Photo data processing. Photo data processing requires many
of the same procedures as video data processing, although time-
lapse photography is likely to be the primary mode, and photo
analysis must proceed without benefit of the special discrete
channels used with video. Information may be located by (1)
searching for conditions on the cockpit instruments or outside
view, and (2) finding specific frames or indications on the panel
clock as directed by information from the audio or digital ~
information. The resulting information must be coded onto
punched paper tape, normally including time values to allow
correlation with data from other sources.

*Trademark of the Teletype Corporation.
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Manual data processing workstation. Manual processing tasks
identified in the previous paragraphs are summarized in Table 10.
The design of the data processing workstation is important to the
efficiency and accuracy of the entire training measurement
_system; its design should carefully consider human operator

irements and limitations. It should be noted that this
workstation may be used for training feedback and critique by
training personnei,—as well as used for data processing tasks.
A minimum list of manual processing equipment, controls and
displays is presented in Table 113 —other controls and displays
may be added to enhance the dual purpose“bf\thislworkstation.




TABLE 10

PERSQNNEL TASKS DURING DATA PLAYBACK

RN O SRR,

VIDEO :
Load tape, play

Read calibration values

as dictated by measurement script:

1. Use autom<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>